Background
The Endotracheal Tube (ETT) is a life-saving device for respiratory support and airway protection. However, its sustained presence in the trachea disrupts the physiological mechanisms that maintain mucus homeostasis. The process of mucus buildup and luminal narrowing leads to an increased ventilatory effort and might delay liberation from mechanical ventilation. In addition, potential lung pathogens often colonize the ETT lumen in the form of complex biofilms, with the plastic surface offering the ideal environment for their proliferation. Nevertheless, in everyday practice the extent of ETT biofilm formation and the degree of occlusion are generally not investigated. Blind tracheal suctioning, the standard procedure adopted to clear secretions from the ETT and the airway, is poorly effective.
Rationale
Different new medical devices have been recently developed specifically for ETT cleaning. Among them, the endOclear catheter (Endoclear, LLC, Petoskey, MI) has been recently reported to be an effective tool in relieving life-threatening ETT obstruction. We designed a randomized clinical trial to test the hypothesis that the implementation of routine ETT cleaning with endOclear prevents ETT luminal occlusion and reduces biofilm accumulation.
Methods
We enrolled in the study adult intubated patients expected to be ventilated for more than 48 hours. Random allocation to either treatment or control arm was performed with a 1:1 ratio. Control group consisted in institutional standard of care (suctioning every 4 hours or as needed), while treatment group received standard of care plus a single pass of the endOclear catheter, three times per day every 8 hours.
Endotracheal tube analysis ETTs were collected at the bedside, sealed and rapidly processed. High-Resolution Computed Tomography (HRCT) was obtained for the terminal 22 cm of each ETT. Raw imaging data of mucus and air volumes were acquired and subsequently elaborated as volume percentages. "Overall occlusion" was defined as the average ratio of mucus volume vs total ETT volume throughout all the scan slices. "Maximum occlusion" was defined as the maximum ratio within each ETT scan. Cross-sectional area (CSA) was estimated for each tube by taking into consideration the narrowest conduit available to flow. By assuming the measured CSA was circle-shaped, we estimated for each tube a virtual "minimum ID".
Microbiology
After HRCT scan, we processed each tube in order to collect microbiological samples from the inner layer. On these samples we performed microbiological identification and quantitation of bacteria and fungi.
Results 526 patients were screened across different Intensive Care Units. 74 patients met enrollment criteria and were randomized. 37 ETTs were collected from the cleaning group and 40 ETTs from the control group. ETTs from the cleaning group showed reduced mucus accumulation (p=0.004). A significant difference was also recorded when mucus volume was calculated as "Overall occlusion" (p=0.04). "Maximum occlusion" was significantly different between the two groups (p=0.007). Although ETTs from both groups showed variable degrees of reduction of inner diameter (ID), only in the most numerous subgroup of ID size 7.5mm we were able to detect a significant difference (p=0.001). The degree of ETT occlusion did not correlate with the length of intubation. Pathogenic bacteria were isolated in ETTs from both groups and no difference in antibiotic susceptibility was noted. However, there was a trend towards reduction of total microbial load in ETT biofilm.
Conclusions
Preservation of ETT patency is a feasible goal that should be pursued when caring for mechanically ventilated patients. In our trial, endoluminal narrowing was safely prevented by the implementation of a cleaning protocol with a novel device. The subsequent reduction in airway resistance might be beneficial in terms of reduced ventilatory effort by the patient. Regular ETT cleaning might also disrupt the biofilm formation process at the ETT luminal surface, having the potential to significantly reduce bacterial colonization. 
Left:
The endOclear cleaning catheter is a recently developed device aimed at improving ETT cleaning procedures and restore ETT patency in case of acute ETT obstruction. The device features an extendable mesh at its tip. After insertion of the catheter inside the ETT, the device trigger is pulled and the extendable mesh touches the inner layer of the ETT. By gently pulling the catheter out of the tube, secretions accumulated inside the ETT are removed from the tube. Right: Actual picture of the endOclear device, with details of the closed and deployed wiper mesh.
Protocol Flowchart
Figure A: HRCT analysis on ETTs was performed after removal of the distal 1.6 cm that includes the murphy's eye, in order to achieve complete ETT seal. Irregular crosss e c t i o n a l s u r f a c e s ( A 1 ) w e r e approximated to regular circular surfaces (A2) in order to allow the estimation of the internal diameter. Above: In our study population there was no correlation between the length of intubation and the estimated total microbial load.
Above: Summary table of HRCT results. Significant differences in ETT obstruction were recorded with all the techniques adopted for mucus detection. The HRCT slice showing the narrowest lumen appeared significantly less occluded in tubes treated with the device. In the most numerous subgroup (ETT size 7.5), occlusion as measured through their Minimum ID was lower in the cleaning group. No differences were recorded for ETTs of size 7.0 and 8.0. L e f t : D e g r e e o f E T T occlusion (% of crosssectional area lost due to mucus) after extubation based on the distance from the Murphy's eye (ETT length). Endotracheal tubes cleaned with the endOclear device every 8 hours in addition to standard of care showed reduced mucus accumulation (p=0.004).
